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- The MAILING DATE of this communication appears on the cover sheet with the correspondence address -- 
Period for Reply 

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 1 MONTH (S) FROM 
THE MAILING DATE OF THIS COMMUNICATION. 

• Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed 
after SIX (6) MONTHS from the mailing date of this communication. 
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- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133). 

- Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any 
earned patent term adjustment. See 37 CFR 1 .704(b). 

Status 

1 )S Responsive to communication(s) filed .on 0B May 2003 . 
2a)Q This action is FINAL. 2b)D This action is non-final. 
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closed in accordance with the practice under Ex parte Quayle, 1935 CD. 1 1 , 453 O.G. 21 3. 
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4) ^ Claim(s) 1-31. 35-41.46 and 47 is/are pending in the application. 
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5) D Claim(s) is/are allowed. 

6) D Claim(s) is/are rejected. 

7) D Claim(s) is/are objected to. 

8) S Claim(s) 1-31,35-41.46 and 47 are subject to restriction and/or election requirement. 
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1 0) D The drawing(s) filed on is/are: a)D accepted or b)D objected to by the Examiner. 
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application from the International Bureau (PCT Rule 17.2(a)). 
* See the attached detailed Office action for a list of the certified copies not received. 

14) Q Acknowledgment is made of a claim for domestic priority under 35 U.S.C. § 1 19(e) (to a provisional application). 
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El ction/Restriction 

1a. Applicants' responses and arguments filed on 06 February 2003 in Paper No:1 1 
and on 08 May 2003, in Paper No: 13, are acknowledged. 

1 b. Applicants' response filed on 08 May 2003 has been considered carefully and is 
found to be persuasive in part. The restriction requirement mailed on 29 November 
2002 has been withdrawn. The following restriction requirement is now set forth to 
clarify the record, to correct errors in previous restriction requirement and to allow 
Applicants an opportunity to elect anew. 
Response to Applicants 1 Arguments: 

2a. Applicants' argument that claims 28, 37, 46 and 47 belong in the same group is 
persuasive, therefore, these claims are grouped together.. 
2b. Applicants' argument that the claimed methods are related, as they all use 
compounds that inhibit SNS activity, is not found persuasive, because the methods 
recited in the pending claims use products that have no common special technical 
feature, since a method of administering an agent that reduces sympathetic nervous 
activity, is not itself an advance over the prior art, because Mueller et al. (Journal of 
clinical of Investigations, Vol.65, pages 338-346, 1980), describe a method of 
administering propranolol, (a beta-adrenergic receptor-blocking agent), to patients, and 
show that propranolol decreases sympathetic nervous activity, (see abstract and page ' 
343, second paragraph). 

2c. Applicants' argument that claims 3-27 are species and claims 1, 2, 35, 36 and 41 
are generic is not found persuasive, because the products recited in claims 1 , 2, 35, 36 
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and 41 , do not fall within the same structural family, nor do these compounds display 
the same activity. 

2d. Applicants' argument that the species election between the diseases recited in 
claims 29 and 46 is found persuasive, therefore, the requirement to elect a disease 
species is withdrawn. 
Status of Claims: 

2a. Claims 1-31 , 35-41 , 46-47 are pending. Claims 32-34 and 42-45 have already 
been canceled in the preliminary amendment filed on 17 July 2001 in Paper NO:5). 
2b. Applicants' response filed on 06 February 2003 in Paper No:1 1 , was unclear, 
because the response contained the following statements: 

A) , "Applicants cancel elect to prosecute claim 1 , as a mended with traverse". 

B) and "should the examiner maintain the restriction requirement, please cancel 
claims 2-43", (see page 5, second paragraph). 

Therefore, it was unclear whether Applicants intended to cancel or to elect 
amended claim 1. Also claims 2-43 were never explicitly canceled. Furthermore, claims 
32-34 and 42-43 have already been canceled in the preliminary amendment filed on 17 
July 2001 in Paper NO:5. 

2. In the response filed on 08 May 2003, in Paper No: 13, Applicants stated that in 
their previous response to the restriction requirement, (i.e the response of 06 February. 
2003 in Paper No:1 1), that they have amended claim 1 , canceled the remaining claims, 
and elected to prosecute amended claim 1 . 
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However, neither the response filed on 06 February 2003 in Paper No:1 1 , nor the 
one filed on 08 May 2003, in Paper No: 13, expressly canceled claims 2-31, 35-41, and 
46-47 which are pending in this Application, or clearly elected to prosecute amended 
claim 1 . 

In light of all the confusion that exists regarding which claims have been elected 
and which claims have been cancelled, the Examiner has decided to issue a new 
restriction requirement, restricting between all the pending claims, (i.e, amended claim 1 
and claims 2-31, 35-41, 46-47). 

1 . This application is a 371 of PCT/GB99/03302. For applications filed under 371 , 
PCT rules for lack of unity apply. 

3. This application contains inventions or groups of inventions which are not so 
linked as to form a single inventive concept Under PCT Rule 13.1 the following 
combinations of claims of different categories are permissible and restriction to one of 
the following combinations is required: 

1 . Claims 1 -3, 1 9, 29-31 , 35-36, 38-39, (in part) and claim 4, drawn to a 
method of administering to a patient a compound that inhibits the effect of 
aldosterone. 

2. Claims 1-2, 5, 6, 19, 29-31, 35-36, 38-39, 41, (in part) and claim 6, drawn 
to a method of administering to a patient a chymase inhibitor. 

3. Claims 1-2, 7, 19, 29-31, 35-36, 38-39, 41, (in part) and claim 8, drawn to 
a method of administering to a patient a cathepsin inhibitor. 
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4. Claims 1 -2, 9, 1 1 1 1 3, 1 5, 1 9, 23, 29-31 , 35-36, 38-39, 41 , (in part) and 
claims 10, 12, 16 and 24, drawn to a method of administering to a patient 
a receptor blocker. 

5. Claims 1-2, 17, 19, 29-31, 35-36, 38-39, 41, (in part) and claim 18, drawn 
to a method of administering to a patient a ganglion blocking agent. 

6. Claims 1-2, 19, 21, 29-31 , 35-36, 38-39, 41 , (in part) and claim 20, drawn 
to a method of administering to a patient an opiate. 

7. Claims 1-2, 19, 29-31, 35-36, 38-39, 41, (in part) and claim 22, drawn to a 
method of administering to a patient a scopolamine. 

8. Claims 1 -2, 1 9, 25, 29-31 , 35-36, 38-39, 41 , (in part) and claim 26, drawn 
to a method of administering to a patient a xanthine oxidase inhibitor. 

9. Claims 1-2, 19, 29-31, 35-36, 38-39, 41, (in part) and claim 27, drawn to a 
method of administering to a patient an erythropoietin. 

10. Claims 1, 19, 29-31, 35-36, 41, (in part) and claim 14, drawn to a method 
of administering to a patient a receptor agonist. 

1 1 . Claims 38 and 39, (in part), drawn to a method of administering to a 
patient a digitalis alkaloid. 

12. Claims 38 and 39, (in part), drawn to a method of administering to a 
patient a growth hormone. 

13. Claims 38 and 39, (in part), drawn to a method of administering to a 
patient an insulin like growth factor. 
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14. Claims 38 and 39, (in part), drawn to a method of administering to a 
patient an endothelin antagonist. 

1 5. Claims 38 and 39, (in part), drawn to a method of administering to a 
patient a TNF antagonist. 

16. Claims 28, 37, 40 and 46-47, drawn to a method of electrically stimulating 
a patient's muscles. 

The inventions listed as Groups 1-16 do not relate to a single inventive concept 
under PCT Rule 13.1 because, under PCT Rule 13.2, they lack the same or 
corresponding technical features for the following reasons: The technical feature 
common to all of the above groups, is a method of administering to a patient an 
effective amount of an agent which reduces sympathetic nervous activity. However, the 
method of administering an agent that reduces sympathetic nervous activity, is not itself 
an advance over the prior art, because Mueller et al. (Journal of clinical of 
investigations, Vol.65, pages 338-346, 1980), describe a method of administering 
propranolol, (a beta-adrenergic receptor-blocking agent), to patients, and show that 
propranolol decreases sympathetic nervous activity, (see abstract and page 343, 
second paragraph). Because the process of administering an agent that reduces 
sympathetic nervous activity is not novel, inventions of groups 1-16, do not share a 
technical feature, therefore, the groups do not relate to a single inventive concept. 
The invention of Group 1 requires the administration to a patient, an effective amount of 
a compound that inhibits the effect of aldosterone, which is not required for Groups 2- 
16. 
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The invention of Group 2 requires the administration to a patient, an effective amount of 
a chymase inhibitor, which is not required for Groups 1, 3-16. 

The invention of Group 3 requires the administration to a patient, an effective amount of 
a cathepsin inhibitor, which is not required for Groups 1-2, 4-16. 
The invention of Group 4 requires the administration to a patient, an effective amount of 
a receptor blocker, which is not required for Groups 1-3, 5-16. 

The invention of Group 5 requires the administration to a patient, an effective amount of 
ganglion blocking agent, which is not required for Groups 1-4, 6-16. 
The invention of Group 6 requires the administration to a patient, an effective amount of 
an opiate, which is not required or Groups 1-5, 7-16. 

The invention of Group 7 requires the administration to a patient, an effective amount of 
a scopolamine, which is not required for Groups 1-6, 8-16. 

The invention of Group 8 requires the administration to a patient, an effective amount of 
an xanthine oxidase inhibitor, which is not required for Groups 1-7, 9-16. 
The invention of Group 9 requires the administration to a patient, an effective amount of 
a erythropoietin, which is not required for Groups 1-8, 10-16. 

The invention of Group 10 requires the administration to a patient, an effective amount 

of a receptor agonist, which is not required for Groups 1 -9, 1 1 -1 6. 

The invention of Group 1 1 requires the administration to a patient, an effective amount 

of a digitalis alkaloid, which is not required for Groups 1-10, 12-16. 

The invention of Group 12 requires the administration to a patient, an effective amount 

of a growth hormone, which is not required for Groups 1 -1 1 1 3-1 6. 
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The invention of Group 13 requires the administration to a patient, an effective amount 

of a of insulin like growth factor, which is not required for Groups 1-12, 14-16 

The invention of Group 14 requires the administration to a patient, an effective amount 

of an endothelin antagonist, which is not required for Groups 1-13, 15-16. 

The invention of Group 15 requires the administration to a patient, an effective amount 

of a TNF antagonist, which is not required for Groups 1-14, 16. 

The invention of Group 16 requires the electrical stimulation of a patient's muscles, 

which is not required for Groups 1-15. 

The methods of groups 1-16 administer products that do not share a common 
property or activity. For example, an agent that inhibits the effect of aldosterone, would 
affect the potassium/sodium exchange in the distal renal tubule; erythropoietin is a 
glycoprotein that stimulates formation erythroid precursors to generate red blood cells, 
scopolamine is an anticholinergic agent which acts as a competitive inhibitor at 
postganglionic muscarinic receptor sites of the parasympathetic nervous system, tumor 
necrosis factor alpha (TNF alpha) is a critical inflammatory mediator in rheumatoid 
arthritis. Additionally, the method of Groups 1-16 use products which do not share a 
common structure. For example, compounds administered in Group I, have the 
structure of spironolactone, which is a synthetic steroid with an aldosterone-like 
structure that acts as a competitive antagonist at aldosterone receptors, while 
compounds administered in Group 2 have the structure of, alendronate , which is a 
member of the bisphosphonate family of drugs used to treat/prevent osteoporosis. 
Compounds administered in Group 10, have the structure of clonidine, which is an 
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imidazoline derivative and exists as a mesomeric compound. Therefore, since no 
technical feature is shared by these methods, and since the common features do not 
establish an advance over the prior art, the inventions of Groups 1-16 do not form a 
single inventive concept within the meaning of PCT Rule 13.2. 
4. Applicant is advised that the response to this requirement to be complete must 
include an election of the invention to be examined even though the requirement be 
traversed (37 CFR 1.143). ' 

Applicant is reminded that upon the cancellation of claims to a non-elected 
invention, the inventorship must be amended in compliance with 37 C.F.R. § 1.48(b) if 
one or more of the currently named inventors is no longer an inventor of at least one 
claim remaining in the application. Any amendment of inventorship must be 
accompanied by a diligently-filed petition under 37 C.F.R. § 148(b) and by the fee 
required under 37 C.F.R. § 1.17(h). 

Claim 1 links inventions 1-10 and claim 38 links inventions 11-15. Depending 
upon elected Group, the restriction requirement between the linked inventions is subject 
to the nonallowance of the linking claims, claims 1 or 38. Upon the allowance of the 
linking claim(s), the restriction requirement as to the linked inventions shall be 
withdrawn and any claim(s) depending from or otherwise including all the limitations of 
the allowable linking claim(s) will be entitled to examination in the instant application. 
Applicant(s) are advised that if any such claim(s) depending from or including all the 
limitations of the allowable linking claim(s) is/are presented in a continuation or 
divisional application, the claims of the continuation or divisional application may be 
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subject to provisional statutory and/or nonstatutory double patenting rejections over the 

claims of the instant application. Where a restriction requirement is withdrawn; the 

provisions of 35 U.S.C. 121 are no longer applicable. In re Ziegler, 44 F.2d 121 1, 1215, 

170USPQ 129, 131-32 (CCPA 1971). See also MPEP § 804.01 . 

Having shown that these inventions lack unity for the reasons given above and 

have acquired a separate status in the art by their recognized divergent subject matter 

as defined by MPEP § 1850. Therefore, an initial lack of unity for examination purposes 

as indicated is proper. 

Advisory Information: 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Fozia M Hamud whose telephone number is (703) 308- 
8891 . The examiner can normally be reached on Monday, Wednesday-Thursday, 6:30 
am to 4:00 pm. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Gary Kunz can be reached on (703) 308-4623. The fax phone number for 
the organization where this application or proceeding is assigned is (703) 872-9306. 

Any inquiry of a general nature or relating to the status of this application or 
proceeding should be directed to the receptionist whose telephone number is (703) 308- 
0196. 

Fozia Hamud 

Patent Examiner tj / /s 

Art Unit 1647 <pr- Ahotf 

20 November 2003 ><2L 
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Propranolol Decreases Sympathetic Nervous Activity 

Reflected by Plasma Catecholamines 

during Evolution of Myocardial Infarction in Man 

Hiltrud S. Mueller and Stephen M. Ayres, Department of Internal Medicine, 
St. Louis University School of Medicine, St. Louis, Missouri 63104 



Abstract Plasma 1-norepinephrine and epineph- 
rine contents were strikingly elevated in 70 patients 
during evolution of myocardial infarction. Propranolol 
or placebo, 0.1 mg/kg i.v., was administered randomly 
an average of 10 h after infarction and continued orally 
for 3 d. Propranolol, but not placebo, acutely decreased 
1-norepinephrine contents from 2:24± 1.33 {mean ±SD) 
to 1.31 ±0.74 jug/liter, P < 0.001, and epinephrine con- 
tents from 0.97±0.42 to 0.74±0.42 /igniter, P < 0.02. 
Decreases in 1-norepinephrine contents were related 
to the initial plasma concentrations, r = -0.85, P 
< 0.001. A similar, , but less strong relationship was 
observed between the initial epinephrine contents and 
propranolol-induced changes, r = -0.51, P < 0.01. 
Propranolol reduced plasma-free fatty acid contents 
from 1,121 ±315 to 943±274 /imol/Iiter, P < 0.001. De- 
creases in plasma contents of free fatty acids were re- 
lated to decreases in epinephrine, r - 0.66, P < 0.001. 
Propranolol did not cause significant additional changes 
in plasma catecholamine contents during the subsequent 
3 d. In the placebo group 1-norepinephrine contents had 
decreased 24 h after infarction from 1.92 ±0.99 to 1.37 
±0.93 Mg/liter, P < 0.02. Plasma epinephrine contents 
did not change. Heart rate remained below the control 
values during the entire study period in the proprano- 
lol, but increased in the placebo group. The data in- 
dicate that sympathetic hyperactivity, indirectly re- 
flected by plasma catecholamine contents, is acutely 
reduced by propranolol during evolution of myocardial 
infarction. 

INTRODUCTION 

Plasma catecholamine contents are strikingly increased 
during evolution and early phase of myocardial in- 
farction. Raab (1) as early as 1943 reported an increase 
in epinephrine and 1-norepinephrine contents during 
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exercise in patients with angina pectoris. Subsequent 
studies revealed high plasma catecholamine concen- 
trations in myocardial infarction (2, 3) and release of 
catecholamines locally from ischemic myocardium (4). 
Serial determinations of plasma catecholamines during 
early myocardial infarction in man demonstrated that 
high catecholamine contents correlated with clinical 
status (5) and hemodynamic findings (6). 

Although release of catecholamines initially repre- 
sents a purposeful response to stress, excess release 
increases myocardial oxygen consumption and en- 
dangers viability of ischemic myocardium. Therefore, 
beta adrenergic blockade has gained increasing in- 
terest as therapeutic intervention in the acute state of 
myocardial infarction. Propranolol has been shown to 
be beneficial in experimental coronary occlusion (7) 
and in human myocardial infarction for a selected pa- 
tient group (8-10). Recent studies have demonstrated, 
however, that propranolol increased plasma catechol- 
amine contents in several clinical conditions (11-13), 
and thus caused concern about its use in acute myo- 
cardial infarction. We therefore evaluated the response 
of plasma catecholamines to propranolol in 35 patients 
with acute myocardial infarction and compared the re- 
sults with those obtained after placebo drug. The study 
demonstrates that in the specific setting of evolving 
myocardial infarction propranolol acutely decreases 
plasma catecholamine contents. The complexity of a 
clinical study does not permit conclusions about mech- 
anisms of action. The almost immediate effect of pro- 
pranolol could be related to a reduction of afferent 
sympathetic traffic from ischemic myocardium, or to a 
direct effect on the central nervous system or on the 
peripheral sympathetic nerve terminal. 

METHODS 

Patients admitted to the coronary care unit were considered 
for the study when the following criteria were met: (a) sus- 
pected or definite acute myocardial infarction, as evidenced 
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b y a characteristic history a ? ,e isc, »»«« ^ ^ 
"T^'M hSTii«si b.'rtihnin i (/) absence oi 

double-blind character of the study, was »j ;necl by a « P£«£ 
The randomization schedule was provided by Ajersl Libera 

Supply Corp. S"*^- ' was obtained in triplicate 
vascular and intracardiac pressures were mew ured «''»» 

Uremics for Medicine. PleasantviUe, N. Y.). Blood pressure 
^afh^^n^r^rrnent of cardiac ou*-.. 

J-nS^Uof oxveen and carbon dioxide tensions and pH 
and analysis oi oxygen auu , , . aiw base-line 

state between 6 :30 and 8:00 a.m. on the three morning. 

after admission. These studies were obtained an average of 

24, 48, and 72 h after infarction. 
Method, 0/flnali,*'. Plasma ep.nep hnne an d 1 J« 

neohrine contents were measured by a modified method oi 
Haggendal (16). The catecholamines were extracted into 
"umfna by batch instead of column ^J™^^ 
suiting in consistent and increased recovery of 80±6% 
„ 1 12 and in minimal oxidation. Dith iothreitol ^ stead of 

^h oride (Ayerst Laboratories) was added to 1 ml of plasma 
obtained from patients in the coronary care unit, but 
nolTetessarily w'ith an acute ^f^'^ 
Plasma epinephrine contents averaged 0.703±0.oob ugmter 
before, and 0.712±0.671 ug/liter after add.t.on of propranolol, 



of Shand (IS), ^v, o.iu/o f plasma 

P "rif Indent's paired t test was used for comparisons 
pTp^oK tebo^minisL'tion. All ^ 

different infarct locations (Table 11). 



RESULTS 



i Abbreviation used in this paper: CV, coefficient of 
variability. 



70 patients with acute myocardial infa rct.on « re 
studied, 35 received propranolol and 35 placebo. Six 
patients in the propanoic, and five in the placebo 
group were female. The age averaged 57 (41-75) and 
56 (39-70) yr in propranolol and placebo groups, re- 
soectively. The site of infarction was the anterior or 
anterior/latera. wall in 15 and 12 patients „ . he 
propranolol and placebo groups, the mfenor or inferior/ 
posterior wall in 19 and 22 patients «d ™ det f™^~ 
in one of each group, respectively^ Subendocardia 
infarctions were observed in two and three instances 
in each group. Infarct size for the entire patent : group 
averaged 48±33 (SD) CK MB -g-eq (amount of mfarcted 
myocardium liberating CK MB into the circulation 
equivalent to the amount released from l g of 
homogenously necrotic myocardium). 0.1 mg/kg of study 
drug was administered intravenously in three divided 
doses within 10 min propranolol an average of 10.0 
(5 3- 13 0) h and placebo an average ol 9.b <4.<i- 1 n 
after onset of infarction. The study drug was con- 
tinued per os with an average dose of propranolol oi 
182-76 (SD) mg during the 1st d of infarction of 
217* 1 1 1 mg during the 2nd d, and of 214± 121 mg dur- 
ing the 3rd d. The corresponding doses for placebo per 
os averaged 249±33, 304±57, and 293 ±72 mg, respec- 
tively. The plasma proprano.o. ^si^M 
after intravenous injection averaged 89±33 (SD) ng/ 
ml at 24 h after infarction 53±56 ng/ml, at 48 h 
™62±148 ng/ml, and at 72 h 154± 133 ng/ml. There 
were two in-hospital cardiac deaths in the propranolol 
group (sudden arrhythmias) and one death in the 
placebo group (cardiac rupture, verified by autopsy^ 

Acute study. Plasma 1-norepinephr.ne and epi- 
nephrine contents before drug administration were 
elevated more than fivefold, averaging for 1-norepi- 
nephrine 2.24 and 1.86 ug/liter in the P™P™° lo > 
and placebo groups and for epinephrine 0.97 and 0.90 
ug/liter, respectively (Table I). The plasma 1-noi- 
^in phrine contents of the individual patients before 
and 20 min after initiation of intravenous drug 
administration are shown in Fig. 1. After propranolol 
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Table I , , , , - . 

Plasma Catecholamine and Substrate Contents and Hemodynamics in Acute Myocardial Infarct™ 



Average hours p acute 



24 



72 



myocardial infarction 


10 












Prop* 
Plac 


Initial 
control 
35 


10 min p 
intravenous, 
drug 
35 


34 


34 


34 




Measurement 




P 


Mean + SD 






P 



1-NE.* Mailer . 

Propranolol 

Placebo ' 
EPI, jig/liter 

Propranolol 

Placebo 
FFA, ftmoWliter 

Propranolol 

Placebo 
HR, beats/min 

Propranolol 

Placebo 
AP S , min Hg 

Propranolol 

Placebo 
AP D , mm Hg 

Propranolol 

Placebo 



Prop 
Plac 



2.24*1.33 
1.86+.0.87 

0.97+0.42 
0.90+0.53 

1,1212:315 
1,087 +262 

77-16.21 
73+16.17 

132+1952 
126 + 18.59 

88+. 1158 
842:11.76 



29 
34 



<0.00lt 
NS 



<0.02 
NS 



<0.001 
NS 



<0.001 
NS 



<0.05 
NS 



NS 
NS 



1.3 1 s 0.74 
1.92+0.99 

0.74+0.42 
0.88+0.56 

943+274 
1,046+ 244 

67+11.23 
74 £ 14.97 

126+20.25 
125+18.53 

86+14.33 
85+11.89 



29 
34 



NS 
<0.02 



NS 
NS 



NS 
NS 



NS 
NS 



<0.001 
<0.01 



<0.001 
<0.00l 



1.39+0.87 
1.37+0.93 

0.65+0.40 
0.80+0.67 

933 ±288 
1,035 ±252 

66+9.95 
78 £12.81 

111 + 16.11 
117+16.23 

74 £11.35 
77+11.19 



28 
33 



NS 


1.40 + 0.98 


NS 


1.37+0.90 


<0.02 


NS 


1.37-1.12 


NS 


1.61 + 1.02 


NS 


NS ' 


0.67 £0.49 


NS 


0.63 ±0.44 


<0.05 


NS 


0.78 £0.76 


NS 


0.81±0.65 


NS 


NS 


842£268 


NS 


766+233 


<0.001 


<0.01 


870 + 254 


NS 


. 838 £213 


<0.001 


<0.05 


70+11.79 


NS 


71 £10.89 


<0.001 


<0.01 


85+ 16.32 


<0.05 


80± 16.21 


<0.05 


NS 


107+13.11 


NS . 


108+14.49 


<0.001 


NS 


115+13.97 


<0.02 


110+15.17 


<0.00l 


NS 


70+ 10.32 


NS 


72+10.34 


<0.00l 


<0.05 


73 ±10.05 


NS 


73£ 10.33 


<0.001 




27 




27 






32 




32 





Measurement 



Mean±SD 



CI, liters/min/m* 

Propranolol 

Placebo 
SVR, dyn-s-cm"' 

Propranolol 

Placebo 
PAP Dp mm Hg 

Propranolol 

Placebo 



2.64 ±0.60 


<0001 


2.06±0.46 


<0.02 


2.61 ±0.57 


NS 


2.56±0.58 


NS 


1,479±359 


<0.001 


1,752 + 384 


<0.001 


1.486+292 


NS 


l,502±332 


NS 


11.27+4.32 


NS 


12.42£5.S0 


NS 


11.27+5.61 


NS 


10.54 £5.63 


NS 



2.28 + 0.45 
2.54+0.51 

1,567 +458 
1.425 £353 

10.70±4.77 
9.37 £5. 11 



<0.01 
<0.001 


2.54£0.51 
2.83£0.47 


NS 
NS 


2.59±0.45 
2.87±0.56 


NS 
<0.0l 


<0.02 
<0.001 


1,362+464 
l,265£237 


NS 
NS 


1.254+297 
1,234 ±266 


<0.001 
<0.001 


NS 
NS 


9.33 £4.29 
8.79£4.32 


NS 
NS 


10.23±3.52 
8.27 ±3.75 


NS 
<0.01 



— - : " 7~ cm n^Tme- FFA free fatty acids; HR, heart rate; AP S , systolic arterial pressure; 

* Prop, propranolol group; Plac, placebo group; l-NE. 1-norep.nephrme; EP . W h »";J££ "'J^y^ pre ssure. 

AP 0 . Uo.ic arterial pressure; CI, cardiac inde, ; SVR, rr^^J^^ ^ iZedia7e.y following it. Contro. values were compared 

I P va | ues are for paired f test. Comparisons were obtained between one sampling penoa anu i- 
with both study periods. 10 min and 3 d after propranolol/placebo admimstrat.on. 



1-norepinephrine contents decreased in 28 of 35 pa- 
tients, remained essentially unchanged in four, and 
increased in three patients. The mean value de- 
creased from 2.24 to 1.31 ftg/liter (P < 0.001). In 
contrast, placebo drug did not significantly change the 
mean value. 1-Norepinephrine contents increased in 
12 patients, probably related to stress of the proce- 
dures, and fell in 7. The propranolol-induced changes 
in plasma epinephrine contents were less marked but 
were statistically significant. They decreased in 25 
patients and remained essentially unchanged or in- 
creased in 10. The mean value fell from 0.97 to 0.74 
/xg/liter (P <0.02). Plasma epinephrine contents did 
not change after placebo administration. Decreases in 
plasma 1-norepinephrine contents were related to 
plasma concentrations (Fig. 2). The higher the initial 



1-norepinephrine contents, the greater the decreases 
after propranolol, r - -0.85, P < 0.001. A similar, but 
less strong relationship was also observed between the 
initial plasma epinephrine contents and the pro- 
pranolol-induced changes, r = -0.51, P < 0.01. 

Plasma-free fatty acid contents were elevated in both 
patient groups before interventions, averaging 1,121 
/tmol/liter in the propranolol and 1,087 M mol/liter in 
the placebo groups, respectively (Table I). Propranolol- 
induced decreases in free fatty acids correlated with 
decreases in plasma epinephrine contents, r = 0.66, 
P < 0.001. None of the correlations described for the 
propranolol group was observed in the placebo group. 

Mean values of hemodynamic data are shown in 
Table I. Heart rate and cardiac index significantly 
decreased after propranolol, but not after placebo ad- 
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PROPRANOLOL PLACEBO 



L-NE 
uqfi 



5.0 
4.5 
4.0 
3.5 
3.0 
2.5 
2.0 

1.5 

1.0 - 

0 



1 



0 

Meon 
P 




Cont. 

2.24 1.31 
< 0.001 



Figure 1 Plasma -o^r ''J 

dividual patients before and after mm ^ d<J . 

.ration. After P'opmnolol l n^ep ^ j . n 4 d ,„. 

creased in 28 parents. «™ainea , . l.„orepinephr.ne 
creased in 3. In contn*. • terp h a result of the 

m inis,ra.io„. Diastolic pulmonary artery pressure^e- 
m ained essentially ""^Xm .ntlv increased after 

temic vascular ^^J^^^e*** 
intravenous propranolol and rema 

placebo administration. ^™»"{ y 6 6±7.03% (P 
saturation decreased from "^"^ unchaBge d 
< 0.001) in the propranolol and remame 



& L-NE 




FicurE 2 Correction ^J^jTZ^'^ 

,he decreases alter propranolol, r 
NE. 1-norepinephrine. 



71 and 72±5.29%, 

in the placebo group, 71 ±5.5 J ana 

respectively- values of plasma cate- 

Sequ en>ial studies. Mean ^alue: 
cholamine contents and ^och^n . nTable 
fc'Prrt-^ ' :rwereob»ained an average of 
' a °f 8 8 d 7^ after onset of infarction. After the 
24, 48, and 72 n alter o inep hrine and epi- 

acute reduction of p asma ^"^Zs propranolol, 
nephrine contents follow ng »° P during the 

there was no significant ad d o ™ » int ravenous 
remaining study Penod^n cent 
placebo had no acute f 1-82 

contents. infarction), 
(acute study) to 1.37 ^V" .* hinge during the 
Mean epinephrine content ;d.d ^not ha. g ^ ^ ^ 
entire study period afte, ^placebo r ") w „ 
spouse of plasma-free fatty ac ds to P 
similar to that intravenous pro- 

After the acute red action M to « ^ 
pranolol, plasma-free fatty acids ^ 
unchanged during days 1 and 2 and ^ 

decrease on day 3; th « chan f g . , (p < 0.01). In the 
compared with the result so da 1 U ^ 
p,acebo group plasma-.ree ^. n6lcHon . TWey 

vated at least dunng the st d decreased 
decreased during the 2nd d the mean a ^ 

from an average of l.UJS > 
(48 M 1 P< X of Heart rate and ^ index- 
acu te,y reduced ^~enous proprano 
tration-mcreased dunng tne foi 
though heart rate re.namedbelow^heC i ^ ^ 

the entire 72 h, cardiac index had re 
the initial control measurement at 48 h. 
in the placebo group, heart rate ^ ^ ^ 
increased during the 3 I ot . n sys . 

above the control values at da J. i ,„ 
tolic and diastolic arterial p essu « wefe 
both patient groups. All Piessmen ^ ^ 

signi ficant.y lowe^ on da> 3 coj^ 
control study. Systemic { , f an ave rage 

.cutely after intravenous proprano ol de . 
of 1,479 to 1,752 dyn-s-cm the 
creased during day \ T\f l cebo group, sys- 
at the 72-h ^X^t ^ Jea essentially un- 
temic vascular resistance decreased 
changed durmg day 1 -d s,gn can( rf g 

during day 2. There w * resistan ce of the pro- 
between the systemic v«cu^^"™ 2 and 3. 
pranolol and P groups d^rmg^^ ^ { 

Se) .«™«.,n ' * inferio r/pos.erior inlarc- 

l oca „on. Sl * electrocardiographic -evidence of 
tions, who had eiec iscriem ia, and two pa- 

a „terior wall subendocardial ^ schen ^ 
tients with undetermined site ol 
excluded. 
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I-NOREPINEPHRINE 

U9/I 



EPINEPHRINE 
us" 



FREE FATTY ACIDS SYST. VASC RESISTANCE 

pM/l dynes • «C ■ cm" S 



PROPRANOLOL 



2.25 



1.625 



1.00 




|<M0t| 



1.0 
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C M 23 



1200 r 
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0.5- 



1200 r 



900 " 
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rHj_ 



h 



1750r 
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1i 
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Figure 3 Sequential observations of plasma catecholamine and Free fatty acid contents and of 
systemic vascular resistance in propranolol and placebo groups, mean±SE. Propranolol acutely 
decreased plasma catecholamines and free fatty acids. The effect on systemic vascular resistance 
was biphasic. In the placebo group, these changes occurred more slowly. Plasma epmephnne 
did not decrease. C, control; t, intravenous drug administration; 1, 2, and 3, days of study after 
infarction. 



Separation of the control data of all study patients 
before drug administration according to anterior/ 
lateral and inferior/posterior myocardial infarction did 
not show significant differences between plasma 
contents of 1-norepinephrine, epinephrine and free 
fatty acids, or between hemodynamic measurements, 
except for heart rate and pulmonary artery diastolic 
pressure (Table II). The measurements averaged 
84±17 and 69±10 beats/min (P < 0.001), and 12±4.15 
and 10 + 4.06 mm Hg (P < 0.05), respectively. Group- 
ing of the initial control data according to infarct 
location separately for propranolol and placebo pa- 
tients revealed similar results. Changes, induced 
acutely by intravenous propranolol, did not signif- 
icantly differ between anterior/lateral and inferior/ 
posterior infarctions, except for the following meas- 
urements: heart rate (mean of difference), -15±11 and 
-7.13±8.75 beats/min (P < 0.05); diastolic arterial 
pressure, -6.13±12 and +2.07+8.34 mm Hg (P 
< 0.05); and cardiac index, -0.72±0.39 and -0.40 
±0.30 liters/min per m 2 (P < 0.05), respectively. 

DISCUSSION 

The increased plasma catecholamine concentrations 
reported in this and other studies (1-6) reflect in- 
creased sympathetic nervous activity, although factors 



Table II 

Initial Plasma Catecholamine and Substrate Contents and 
Hemodynamics in Acute Myocardial Infarction 



Anterior/lateral Inferior/posterior 
myocardial myocardial 
Infarct location infarction infarction 



Measurement 




Mean 


±SD 




p 




n = 


27 


n -35 




1-NE,* fig/liter 


1.95± 


1.39 


2.02 


±0.86 


NS 


EPI, ptg/liter 


0.91± 


0.33 


0.91 


±0.51 


NS 


FFA, /imol/liter 


1,133± 


323 


1,091 


±293 


NS 


HR, beats/min 


84 ± 


17.12 


69 


±9.78 


<0.001 


AP S , mm Hg 


130± 


19.26 


128 


±19.17 


NS 


AP D , mm Hg 


89± 


10.29 


85 


±11.97 


NS 




n = 


25 


n 






CI, liters/min/m ! 


2.58 ± 


0.55 


2.66 


±0.56 


NS 


SVR, dyn-s-cm _s 


1,462± 


428 


1,450 


±321 


NS 


PAPd, mm Hg 


12± 


4.15 


10 


±4.06 


<0.05 



* Abbreviations: 1-NE, 1-norepinephrine; EPI, epinephrine; 
FFA, free fatty acids; HR, heart rate; AP S , systolic arterial 
pressure; AP D , diastolic arterial pressure; CI, cardiac index; 
SVR, systemic vascular resistance; PAP D , diastolic pulmonary 
artery pressure. 
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such as axonal re-uptake, local metabolism within the 
synaptic cleft, turnover, and binding to recepto 
sites (19 20), alter the relationship between neural 
activity and plasma contents. Sympathetic nervous 
activity in acute myocardial infarction is influenced 
by hypotension-mediated baroreceptor reflexes de- 
creased peripheral perfusion with impaired tissue 
metabolism (13), cardio-cardiac reflexes (21), anxiety 
and activation of cardiac vagal afferent fibers 
The almost immediate decrease of plasma cate- 
cholamine contents after administration of propranolol 
observed in our patients may be the result of a ne 
decrease in afferent sympathetic impulses or a direc 
effect on the central nervous system or on peripheral 
sympathetic nerve terminals. 

Considerable evidence exists that the release of 
neurotransmitter from the sympathetic nerve terminal 
is regulated by a presynaptic feedback system. 
Stimulation of presynaptic alpha receptors causes 
negative feedback, decreasing 1-norepinephrine re- 
lease (23-26). Recent studies suggest that positive 
feedback through stimulation of presynaptic beta re- 
ceptors also exists that is diminished or abolished 
by beta adrenergic blockade. Propranolol, but not the 
dextro isomer, in doses of 0.1 mg/kg, decreased the 
vasoconstrictor response of the cat hind limb to low- 
frequency sympathetic nerve stimulation, whereas the 
response to injected 1-norepinephrine was unchanged 
(27). Propranolol produced similar reductions ot con- 
strictor responses to sympathetic nerve stimulation in 
the guinea pig vas deferens (28), atria (29), oviduct 
(30) and in human peripheral arteries and veins 
(25 ' 31). Isoproterenol increased the overflow ot 
tritiated 1-norepinephrine during low-frequency stim- 
ulation in the perfused cat spleen; this response 
was diminished by propranolol, and the reduction 
was greatest in those experiments with the highest 
output of neurotransmitter (32, 33). Yamaguchi et al. 
(26) demonstrated a positive presynaptic feedback 
control in the open chest dog. Isoproterenol caused 
a fourfold increase in 1-norepinephrine release into 
the coronary sinus during cardioaccelerator nerve 
stimulation; this effect was almost abolished by 
sotalol. Because heart rate, left ventricular dPtdt, and 
coronary blood flow showed congruent changes alter 
isoproterenol and sotalol administration, the studies 
suggest that presynaptic beta receptors might play 
a physiological role in the control of neurotrans- 
mitter release. , 

The experiments, discussed above, indicate that 
presynaptic beta receptors are sensitive to sympathetic 
nerve stimulation in the frequency range of 1-10 Hz. 
Whether these stimulation frequencies are similar to 
those required for the more than fivefold elevation 
of l-norepinephrine contents found in our study re- 
mains speculative. Observations in man during surgi- 



cal procedures on the neck (34) have shown that the 
response of adrenergic-innervated structures is near 
maximal at 8-10 Hz. Stimulation-effector response 
" obtained by Yamaguchi et al. (26, 35) in the 
dog indicate that the catecholamine concentrations, 
observed in our patients, are compatible with sym- 
pathetic nerve impulses in that range. Consequently, 
it is possible that the almost immediate decrease 
in plasma 1-norepinephrine contents after intravenous 
administration of propranolol is related to presynaptic 
beta adrenergic blockade. 

Blockade of central beta adrenergic receptors could 
also produce a decrease in plasma catecholamine 
contents. The pressor effect of an intracerebro ven- 
tricular injection of isoproterenol was blocked by a 
similarly administered dose of propranolol (3b). A 
biphasic effect was observed when propranolol was 
injected into the cerebral ventricles; an initial hyper- 
tensive response was followed by a reduction in blood 
pressure within 20-30 min (37). These effects could 
not be demonstrated with the dextro isomer of pro- 
pranolol which has little beta blocking activity. 
Intravenous propranolol decreased sympathetic ac- 
tivity recorded from a preganglionic peripheral sym- 
pathetic nerve (38). 

Because propranolol has been shown to improve 
myocardial metabolism within 20 min in human 
myocardial infarction (8), another explanation for the 
observed effect on plasma catecholamines might be 
reduction of afferent impulses that initiated and main- 
tained sympathetic hyperactivity. In contrast to our 
findings, Hansen et al. (12) observed in individuals 
with stable ischemic heart disease that intravenous 
propranolol increased plasma 1-norepinephrine con- 
tents at rest and during exercise. Afferent sympathetic 
activity arising from altered tissue metabolism ap- 
peared to be more important than baroreceptor 
mechanisms, because venous oxygen saturation was a 
much better predictor of 1-norepinephrine concen- 
trations than blood pressure. In our patients, pro- 
pranolol produced changes in hemodynamics and 
mixed venous oxygen saturation similar to those m 
Hansen's study at rest, but decreased plasma cate- 
cholamine contents, suggesting that some additional 
factors, related to acute myocardial infarction, were 
influenced by beta adrenergic blockade, thus over- 
coming peripheral sympathetic afferent signals. 

Brown et al. (39) demonstrated in the vagotomized 
cat an increase in cardiac afferent sympathetic im- 
pulses during left coronary artery occlusion. A simi- 
lar procedure in the cat enhanced preganglionic 
activity, demonstrating a cardio-cardiac sympathetic 
reflex (21). Plasma concentrations of 1-norepinephnne 
were increased after left coronary artery ligation; a 
series of surgical and pharmacologic interventions 
indicated that the effect was a result of afferent 
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impulses arising from the infarcted area (40). The 
possibility that propranolol in our patients decreased 
afferent sympathetic stimulation from the infarcted 
myocardium is supported by observations of Uchida 
and Murao (41). Intravenous injection of 0.5 and 1.0 
mg/kg propranolol before coronary ligation in the dog 
reduced afferent sympathetic activity from the heart. 
In consequence, our data are compatible with the 
hypothesis that sympathetic hyperactivity after acute 
myocardial infarction in man is related to stimula- 
tion of cardiac sympathetic afferent fibers. 

Activation of cardiac vagal afferents, however, may 
modify factors leading to increased sympathetic ac- 
tivity. In patients seen within 30 min of acute 
myocardial infarction, parasympathetic hyperactivity 
dominated in inferior/posterior, but was also present 
in anterior/lateral wall infarctions, whereas sympathetic 
hyperactivity dominated in the latter group (42). Oc- 
clusion of the circumflex, to a lesser degree of 
the left descending coronary artery in the aorto- 
sinus denervated dog, activated receptors producing 
bradycardia, hypotension, and a decrease in renal 
sympathetic nerve activity (43). The importance of 
vagal over sympathetic afferent control in the early 
minutes after coronary occlusion was supported by a 
relatively small increase in cardiac sympathetic nerve 
activity in spite of a depressor response (44). The 
fact that our initial control data do not show signif- 
icant differences in plasma catecholamines and in 
most hemodynamic measurements between patients 
with anterior/lateral and inferior/posterior infarctions 
suggests that initial autonomic responses are substan- 
tially modified by hemodynamic, metabolic, and emo- 
tional stimuli later in the course. The greater re- 
sponse of heart rate to intravenous propranolol in 
anterior/lateral infarctions probably implies that sym- 
pathetic tone was higher in this group. 

It is unlikely that the acute decrease in plasma 
1-norepinephrine contents was produced by a mem- 
brane-stabilizing action of propranolol on the neuron 
that would impede depolarization. Nies and Shand (45) 
have estimated that plasma concentrations two or three 
times higher than the usual 'range of therapeutic 
concentrations, 80-100 ng/ml, would be necessary 
to produce a membrane-stabilizing effect. Studies in 
man have confirmed these differences between con- 
centrations necessary to produce beta adrenergic 
blockade or membrane stabilization (46), indicating 
that the average level of 89±33 (SD) ng/ml in our 
patients was not high enough to directly interfere 
with depolarization. 

The initial increases in peripheral vascular re- 
sistance in our patients receiving propranolol is a re- 
sult, in part, of the decrease in cardiac function, but 
may also be a result of adrenergic dysbalance at 
the postsynaptic receptors, resulting in relative in- 



crease in alpha adrenergic tone. The impact of alpha 
adrenergic activity on coronary vascular resistance 
has been demonstrated in experimental myocardial 
infarction (47-49) and recently in a clinical study. 
In patients with stable ischemic heart disease, in- 
crease in coronary vascular resistance and chest pain, 
provoked by cold pressure test, were abolished by 
alpha adrenergic blockade (50). Although the decrease 
in catecholamine concentrations demonstrated in our 
study does reduce the amount of alpha adrenergic 
stimulation, the plasma levels are still several times 
greater than normal, and the withdrawal of opposing 
beta adrenergic activity could produce a net con- 
strictor effect. 

The binding of propranolol to several beta adrenergic 
receptors probably explains the previously reported 
beneficial effects of the agent in acute ischemic heart 
disease (7-10) and the differences between pro- 
pranolol- and placebo-treated patients in this study. 
The sequential observations shown in Table I and 
Fig. 3 demonstrate that plasma contents of cate- 
cholamines and free fatty acids decline more slowly in 
the placebo group; heart rate and cardiac index be- 
came greater than on admission. Propranolol, in con- 
trast, produces a rapid decrease in plasma cate- 
cholamine and free fatty acid concentrations, a bi- 
phasic effect on peripheral resistance, and a decrease 
in heart rate and cardiac index. The effect on plasma 
catecholamine contents appears to be related to the 
high initial concentrations encountered in these pa- 
tients, emphasizing that the net effect of a drug is 
frequently dependent upon the specific clinical situa- 
tion selected for evaluation. 
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Urinary Kallikrein Excretion in Essential and 
Mineralocorticoid Hypertension 

O Bryan Holland, James M. Chud, and Helen Braunstein, Department of 
ZZamedicinl University of Texas Health Science Center, Dallas, Texas 75235 

i_ u „c rarp and age-matched normal subjects. Stimula- 

ABSTRACT Urinary kail ikrein excretion has been ^^^^Itoin excretion by Florinef was 

reported to be decreased in pat.ents with essential turn oi u ry ^ ^ 

hypertension and elevated in patients with pnmary ^ n *£*™ bhck nomals = 12 .3±2.7 [n = 9], 

aldosteronism as a reflection of T"" 1 ^?', ' MRErT - 11 7* 1 8 [n = 10], LREH = 10.9±1.5 [n = 12]; 

activity. Low renin essential hypertens.on (LREH) has ™fcH • - = = u) essential hvper . 

been postulated to result from excess production of white • "°™ als f l H 5 L £ EH]) . stimulation 

an unknown mineralocorticoid(s). Urinary kallikrein ^«^^ 1 ^ 1 ^ ra ; with lo w ' sodium diet 

excretion was compared in outpatients with essent.M ^^^^'^ aoS) only in black LREH (black 

hypertension, mineralocorticoid hypertens.on (pnmary ^^f,"^ [„ = 10], NREH = 10.1±2.7 [n 
aldosteronism and 17c,hydroxylase deficiency) and I J ^ noma]$ _ ml 

in normal subjects of the same race. No significant _ . Wl LRE" *~ hypertension = 17.5±2.3 [nine 

difference in urinary kallikrein excretion of pafents ±2/7 £ - £],e«e£» W ^ so(Jium 

with LREH vs. normal renin essential "VPf ens.on NREH four LREH „ o ^ ^ ^ 

(NREH) was found for either black (4.1 ±0 4 v, A.8 d.e^ black pa ents^ ^ ^ 

±0.5 esterase units (EU)/24 h, mean±SE f 27 _LREH sodmrr, d p ^ (jiteW vs. 33.3±6.4 

and 38 NREH .respectively) or ^P^^ 1 **^? ^ for black normals) and a failure to achieve 

vs. 11.7±1.4 EU/24h for 13 LREH and 25 Nfttn, W»- balance in 11/13 patients. Thus, the lesser 

respectively). Urinary kallikrein w* jd« = d £ meUtahc b an e m ^ ^ ^ ^ 

^^^^^^ rry^kreinexcretionwi^orineforlowsodium 

tensive vs. black normal subjects (4.3±0.3 vs. 5.4±06 diet. aldosteronism or 17a- 

EU/24 h) or in white hypertensive vs^ white normal ^ not na ve an elevated urinary 

subjects (11.9*1.2 vs. 8.4±0.9 EU/24 h) In contrast JjJ^^^^. Mild renal insufficiency may 

hypertensive P-^* ™^Xin)3^ S3 ^ve^rS to this finding in two of these five 

(creatinine clearance of 41 : S ^^^^Ze patients. Nevertheless, this finding illustrates a hm.ta- 

(P< 0.05) urinary kalhkrem (3 3 EU/24 hw.m creatinine p kallikrein excretion rate 

clearanceof«.6 ± 2.0for24blackpat,entsand4 5 2± 0.7 ..on t the use c > ^ ^ „ jt 

EU/24 h with creatinine clearance of 67.0*3.5 lor 6 as an m ^ lr£H ^ 

white patients). These results suggest that a reduction appea s thatt he ma,o ty V ^ 

in urinary kallikrein excretion rate is an early accompany ^Z^ZicoL The failure to find a decrease in 

ment of hypertensive renal in ury. Urinary kalhkre.n ™» e ^E excretion in racially matched patients 

excretion in response to a 6-d f™*"?}™*^ w Xe S sentia hypertension and normal renal function 

a 3-d Florinef (0.5 mg b.i.d.) adm.mstration was com- ^ , rf role of the ka m k rein-kinin 

pared in hypertensive patients w.th normal renal func- questions the po ^ ^ 

A preliminary report of the data was presented at the INTRODUCTION 
Southern Section Meeting of The Amencan Federation for 

Clinical Research in New Orleans. La. in January 1976. Jn ig34 E1 , iot and Nuzum noted that hypertensive 
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